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Stress ulcer prophylaxis is prescribed to more than 70% of
adults who are acutely admitted to an intensive care unit
(ICU)." Most patients receive a proton pump inhibitor (PPI),
but a sizeable minority receive a histamine-2 receptor blocker
(H,RB).?:3 The rationale for using stress ulcer prophylaxis is to
prevent upper gastrointestinal (GI) bleeding. Such bleeding
occurs in 2.6% (95% Cl, 1.6-3.6%) of ICU patients in
contemporary clinical practice.’ In a recent systematic
review and meta-analysis comparing PPIs with H,RBs for
ulcer prophylaxis in the ICU, PPl use was associated with
a significantly lower risk of overt bleeding than H,RB use.*
However, using PPIs instead of H,RBs also appears to be
associated with an increased risk of developing nosocomial
pneumonia®’ and Clostridium difficile infection,> and may
be associated with increased overall health care cost.®

Although stress ulcer prophylaxis is administered to
millions of ICU patients around the world every year, it is
uncertain which type of ulcer prophylaxis is preferable.
Moreover, current variability in practice in relation to choice
of stress ulcer prophylaxis is largely dependent on clinician
preference or unit policy.3 Clinical trials of adequate size to
determine whether PPIs or H,RBs are the best strategy for
stress ulcer prophylaxis have not been performed and are a
high priority given the widespread use of these medicines.
Here we outline the protocol for the Proton Pump Inhibitors
versus Histamine-2 Receptor Blockers for Ulcer Prophylaxis
Therapy in the Intensive Care Unit (PEPTIC) study.

Methods

Trial design

The PEPTIC study is a prospective, multicentre, randomised,
open-label, cluster crossover, registry-embedded trial
comparing two approaches to stress ulcer prophylaxis in
mechanically ventilated adults implemented at the level of
the ICU. One approach is to use PPIs as the default therapy
when stress ulcer prophylaxis is prescribed, and the other
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ABSTRACT

Background: The balance of risks and benefits with using
proton pump inhibitors (PPIs) versus histamine-2 receptor
blockers (H,RB) for stress ulcer prophylaxis in patients who are
invasively ventilated in the intensive care unit (ICU) is uncertain.
Objective: To describe the study protocol and statistical
analysis plan for the Proton Pump Inhibitors versus
Histamine-2 Receptor Blockers for Ulcer Prophylaxis Therapy
in the Intensive Care Unit (PEPTIC) studly.

Design, setting and participants: Protocol for a
prospective, multicentre, randomised, open-label, cluster
crossover, registry-embedded trial to be conducted in 50 ICUs
in Australia, Canada, Ireland, New Zealand and the United
Kingdom. The PEPTIC study will compare two approaches
to stress ulcer prophylaxis in mechanically ventilated adults
implemented at the level of the ICU. One approach is to use
PPIs as the default therapy and the other approach is to use
H_RBs as the default therapy when stress ulcer prophylaxis
is prescribed. Each ICU, by random allocation, will use one
approach for 6 months and will then switch to the opposite
approach for the next 6 months. The PEPTIC study began
recruitment in August 2016 and will complete recruitment
in January 2019.

Main outcome measures: The primary end point will be
in-hospital mortality. Secondary outcomes include clinically
significant upper gastrointestinal bleeding, Clostridium difficile
infection, ICU length of stay and hospital length of stay.
Results and conclusions: The PEPTIC study will compare
the effect on in-hospital mortality of implementing, at the
level of the ICU, the use of PPl as the preferred agent for
stress ulcer prophylaxis in mechanically ventilated adults in
the ICU with using H,RB as the preferred agent.

Trial registration: Australian and New Zealand Clinical
Trials Registry (ANZCTRN 12616000481471).
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approach is to use H,RBs as the default therapy when
stress ulcer prophylaxis is prescribed. Each ICU, by random
allocation, will use one approach for 6 months and will then
switch to the opposite approach for the next 6 months. This
trial is registered on the Australian and New Zealand Clinical
Trials Registry (ANZCTRN 12616000481471).

Rationale for the trial design

The PEPTIC study combines two novel trial design
methodologies: cluster randomisation with crossover® and
collection of outcome data from existing data sources.'0 This
design offers the dual prospect of generating the statistical
power necessary to evaluate candidate interventions
with small effect sizes and of being much cheaper than a
conventional randomised trial because it uses data that are
already collected for other purposes.

Entire ICUs are randomly allocated rather than individual
patients. We submit that this approach is preferable
to individual randomisation because we are testing

and when clinical equipoise exists for testing two “standard-
of-care” treatment regimens.

Setting and randomisation

The PEPTIC study is being conducted in 50 ICUs in Australia,
Canada, Ireland, New Zealand and the United Kingdom.
Participating ICUs are randomly allocated to the order
of receipt of treatments in a 1:1 ratio when ethics and
regulatory approvals are in place at each study site, and is
stratified by region and time period, with a minimum of four
ICUs randomised at each time period.

Population and eligibility

All patients aged 18 years or older who are invasively
mechanically ventilated within 24 hours of ICU admission
are eligible for the study, except for those patients
with an ICU admission diagnosis of upper Gl bleeding.
Patients who opt out of participating in the study will be
excluded from analyses. A flow diagram based on the

two approaches to stress ulcer
prophylaxis which would logically
be implemented at the level of
the ICU and would not define the

Figure 1. Proposed participant flow diagram
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pump inhibitor.

Gl = gastrointestinal. H,RB = histamine-2 receptor blocker. ICU = intensive care unit. PPI = proton
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Table 1. Definitions of secondary and tertiary outcomes

Outcome Definition

bleeding enos
eeding:

ICU length of stay
subsequent ICU)

Hospital length of stay
Duration of mechanical
ventilation*
Ventilator-associated

conditions'®

for > 2 days;

that is maintained for > 1 h)

Clinically significant upper Gl Overt upper Gl bleeding (eg, haematemesis, melaena or frank blood in the nasogastric tube or upper Gl
endoscopy) developing as a complication in ICU AND > 1 of the following features within 24 hours of Gl

® spontaneous drop of systolic, mean arterial pressure or diastolic blood pressure > 20 mmHg;
® start of vasopressor or a 20% increase in vasopressor dose;

® decrease in haemoglobin of at least 20 g/L; or

® transfusion of > 2 units of packed red blood cells

Clostridium difficile infection  C. difficile toxin-positive or culture-positive stool samples collected during an ICU admission (excluding any
patients who had positive tests from specimens collected prior to ICU admission)

Time between ICU admission and first ICU discharge (ie, excludes readmission and time spent in a second or

The time between ICU admission and index hospital discharge (ie, excludes readmissions and time spent in
hospitals other than the index hospital)

Total hours of invasive mechanical ventilation during the index ICU admission

Ventilator-associated conditions will be defined as: after a period of stability or improvement on the ventilator
(= 2 days), the patient has at least one of the following indicators of worsening oxygenation:

® increase in daily minimum Fio, of > 0.20 over the daily minimum Fio, in the baseline period, sustained

® increase in daily minimum PEEP values of > 3 cmH,0 over the daily minimum PEEP in the baseline
period, sustained for > 2 days (daily minimum defined by lowest Fio, or PEEP during a calendar day

Fio, = fraction of inspired oxygen. Gl = gastrointestinal. ICU = intensive care unit. PEEP = positive end-expiratory pressure. * In the United Kingdom, duration
of mechanical ventilation will be defined as the number of calendar days on which advanced respiratory support was received.

Consolidated Standards of Reporting Trials (CONSORT)
recommendations for reporting of cluster randomised
trials> will be presented (Figure 1).

Screening

Screening of individual patients for trial eligibility is not
performed. Instead, variables included in existing databases
will be used to retrospectively identify patients who fulfil
eligibility criteria in each study treatment period. In the 27
participating ICUs from Australia and New Zealand, eligible
patients will be identified using data in the Australian and
New Zealand Intensive Care Society (ANZICS) Adult Patient
Database (APD).'® In the 14 participating ICUs from the
United Kingdom, eligible patients will be identified using
the Intensive Care National Audit and Research Centre
(ICNARC) Case Mix Programme (CMP) database.!” In the
eight participating ICUs from Canada, eligible patients will
be identified through interrogation of an existing provincial
clinical information system (eCritical Alberta'8) coupled with
a data warehouse and clinical analytics system (eCritical
TRACER). In the single participating ICU from Ireland,
eligible patients will be identified using data in the ICU’s
clinical information system.

An information brochure will be provided to adults who
have required mechanically ventilation which allows them
to opt out of having their data included in the study.

Treatments

Study treatments will be administered on an open label
basis. When a clinician chooses to prescribe stress ulcer
prophylaxis, the default prescription of either PPl or H,RB
is that allocated to the ICU for the current study treatment
period. This default prescription will be used for all patients
including those readmitted to ICU during a different
study period and transferred from another ICU. However,
irrespective of the treatment that is allocated to the ICU,
the treating clinician will retain discretion to use either a
PPl or a H,RB in situations in which they consider that a
particular treatment is preferable (eg, when the patient has
an allergy to one class of drug). Patients who are usually
taking a PPl or an H,RB before hospitalisation or ICU
admission will switch to the treatment strategy assigned
to the ICU for the duration of their ICU stay, unless the
treating clinician believes that this is inappropriate for the
particular patient. If upper Gl bleeding occurs, then a PPl is
administered in accordance with standard clinical practice,
irrespective of treatment allocation. The duration of study
treatment will be until death, ICU discharge, development
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of a clinically significant upper Gl bleeding event, or until the
treating clinician no longer believes stress ulcer prophylaxis
is indicated. No washout is planned between crossover
periods. Patients who remain in the ICU through a crossover
period will continue to receive the treatment they were
originally assigned.

Outcomes

Primary outcome measure

The primary outcome is in-hospital all-cause mortality up to
90 days. In-hospital mortality is recorded in all of the registries
that are being used as the primary data source for the PEPTIC
study. The rationale for choosing in-hospital mortality as the
primary end point for this study is that in-hospital mortality
is an important patient-centred endpoint. By providing an
estimate of the mortality treatment effect size using PPI
versus H,RB and corresponding 95% confidence intervals, we
seek to provide clinicians with a rational basis for weighing
the potentially opposing mortality effects attributable to
complications that define the various secondary outcome
measures outlined below.

Secondary outcome measures

The secondary outcomes (Table 1) are:

e proportion of patients with clinically significant upper Gl
bleeding;!

e proportion of patients with C. difficile infection;

¢|CU length of stay;

ehospital length of stay; and

e duration of mechanical ventilation (for the ICUs where this
information is available from an existing database).

Tertiary outcome measure

The proportion of patients with ventilator-associated
conditions'® (for the eight ICUs in Canada) is specified as a
tertiary outcome (Table 1).

Data collection

Data will either be extracted from existing databases
or obtained by site research coordinators (Figure 2).
The existing databases used to obtain data and the data
extracted from those databases will vary by jurisdiction

(Table 2). However, in all cases,

Figure 2. Data collection diagram

when a patient is readmitted to ICU
during an index hospital admission,

PEPTIC study participants will be identified
from the ANZICS CORE APD, ICNARC-CMP,
eCritical Alberta database, and the Irish ICU
clinical information system for ANZ, UK,
Canadian, and Irish ICUs respectively

Data from patients who opt-out of
participation manually removed

Episodes of clinically significant upper Gl
bleeding and Clostridium difficile infections
will be identified by ICU research
coordinators in Australia, New Zealand
and the United Kingdom. These
complications will be added to a PEPTIC
complications database. In Canada,
clinically significant upper Gl bleeding
events and ventilator-associated
complications will be extracted from the
eCritical Alberta database, which will be
further linked with the AHS infection
control and prevention database to
capture C.difficile infection events in
Canadian ICUs.

this patient will only be included
in the study database once, with
demographic and illness severity
data obtained from the initial ICU
admission.  Complications  such
as clinically significant upper Gl
bleeding events and C. difficile
infections that develop during
ICU readmissions within the index
hospital admission will be included

\ 4

in the study database.
In Canada, all baseline data,

containing individual patient-level data

Databases merged to create PEPTIC study database

stress ulcer prophylaxis prescribing
data, hospital mortality data,

and

clinically significant Gl bleeding
events, duration of mechanical

ICU-level data on prescribed stress ulcer

prophylaxis in each treatment period will be reported

ventilation, and ICU and hospital
lengths of stay data will be

and

extracted from the eCritical

study database.

» Duration of medical ventilation data for all patients receiving mechanical
ventilation in each ICU for each study treatment period will be reported
(when available in existing databases; eg, Health Department databases)

* Detailed data regarding stress ulcer prophylaxis administered to patients
receiving mechanical ventilation in each ICU that uses electronic prescription
(ie, type and daily dose used in each patient) will be reported (when
available) but will not be linked at an individual patient level to the PEPTIC

database at trial completion.
Data from the eCritical database
will  be linked using unique
health care identifiers with the
Alberta Health Services Discharge
Abstract Data and Infection

Gl = gastrointestinal. ICU = intensive care unit.

AHS = Alberta Health Services. ANZ = Australia and New Zealand. ANZICS CORE APD = Australian
and New Zealand Intensive Care Society Centre for Outcome and Resource Evaluation Adult Patient
Database. ICNARC CMP = Intensive Care National Audit and Research Centre Case Mix Programme.

Control and Prevention databases
to identify participants with C
difficile infections.
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Table 2. Data variables

Data collected from existing = Age
databases ® Gender

= Chronic comorbidities

only)
" |CU length of stay
® Hospital length of stay

® |n-hospital mortality

Data collected by site research

coordinators
= C. difficile infections

Data from electronic prescribing
records

= Admission type (elective v emergency)
® |CU admission source (ie, ED v ward v theatre v other hospital)

= APACHE IIl admission diagnosis2©

= |liness severity based on the on the APACHE Il and Il scores and risk of death (all ICUs), ANZ
Risk of Death models score (ANZ only),20 and ICNARC risk of death model (United Kingdom

® Duration of mechanical ventilation (Canada, Ireland and the UK only)
® Ventilator-associated conditions
= Clinically significant upper Gl bleeding events (Canada only)
® Clostridium difficile infections (Canada and Ireland only)

® Dispensing of H,RBs and PPIs to ICUs in each study period (from hospital pharmacies)

= Clinically significant upper Gl bleeding events

® List of patients who opt out of study participation

= Monthly audit of stress ulcer prophylaxis use in mechanically ventilated patients (when
electronic prescribing records are not available)

® Details of stress ulcer prophylaxis administered to all mechanically ventilated patients during
each study treatment period

19 (Canada only)

ANZ = Australia and New Zealand. APACHE = Acute Physiology and Chronic Health Evaluation. ED = emergency department. Gl = gastrointestinal.
H,RB = histamine-2 receptor blocker. ICNARC = Intensive Care National Audit and Research Centre. ICU = intensive care unit. PPl = proton pump inhibitor.

In Australia and New Zealand, baseline data, hospital
mortality data and ICU and hospital length of stay data
will be obtained from the ANZICS APD.'6 In Ireland, these
data will be obtained from the ICU clinical information
system. In the UK, these data, and also the duration
of mechanical ventilation, will be obtained from the
ICNARC CMP.'7 In Australian, New Zealand and the UK,
information about stress ulcer prophylaxis prescribed to
mechanically ventilated ICU patients during each of the
study periods will be obtained from electronic prescribing
records (in centres where these are available). In addition,
information on classes of stress ulcer prophylaxis drugs
used obtained from medication charts on one day a month
for the duration of the study will be collected by research
staff, and the total amount of PPl and H,RB dispensed
in each ICU in each study period will be collected where
available. Research coordinators will record the ICNARC
CMP admission number for UK participants who develop
clinically significant upper Gl bleeding and/or C. difficile
infections. In Ireland, all study data will be entered into
a research electronic data capture (REDCap) database by
research staff.

The final PEPTIC study database will contain data merging
all data sources into a single study database.

Power and sample size

With 50 ICUs, and assuming a baseline mortality of 15%,
our study will have 80% power to detect a 2.4% absolute
difference in in-hospital mortality at a 5% significance. This
sample size is based on input parameters estimated from
the ANZICS APD administrative data, with an average of
310 admissions per site in each 6-month study period with a
variation in number of admissions of 0.50, and incorporates
a within-cluster—within-period correlation of 0.035 and
within-cluster-between-period correlation of 0.025."

Overview of planned statistical analyses

Analyses will be conducted on an intention-to-treat basis,
meaning that all patients will be analysed according to
the randomised treatment of their ICU at the time of
their ICU admission, regardless of the treatment received.
Descriptive statistics at ICU level will be presented by
allocated treatment sequence and for patient characteristics
by allocation sequence and observation period. Analyses
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of treatment effects will utilise individual level data using
generalised estimating equations (GEE) with adjustment for
randomisation time period and order of administration of
the treatments, with an exchangeable working correlation
matrix and robust standard errors using the ICU as the
clustering unit, and with derived P values and confidence
intervals employing the t distribution with degrees of
freedom correcting for the numbers of model parameters
being estimated.'” The primary mortality endpoint will be
presented as a risk difference using binary outcomes and
an identity link function, and as an odds ratio using the
logit link. Should the risk difference model fail to converge,
GEE with Gaussian linear regression, identity link and
robust standard errors will be employed.2! For secondary
outcomes on a binary scale, the same methods will apply;
for outcomes on a continuous scale, GEE with Gaussian-
identity link and robust standard errors will be applied;
and for duration/time-to-event variables, we will use Cox
regression with robust standard errors to estimate hazard
ratios and confidence intervals, with mortality regarded as
a competing risk. Sensitivity analyses will be performed for
the impact of patients with missing outcome data using
multiple imputation methods. Additional sensitivity analyses
will adjust for patient-level variables that exhibit imbalance
across observation periods.

Subgroup analyses will be performed for individual-level
variables — patients who are admitted to the ICU after
cardiac surgery versus patients admitted for any other
reason; emergency versus elective admissions — and for the
ICU-level variable — country. We will perform the analyses
described above for the primary and secondary outcome
variables assessing subgroup differences using interaction
terms between treatment and each subgroup. To test the
robustness of the primary analyses, we plan to conduct
sensitivity analyses that exclude all patients transferred
from another ICU. A detailed statistical analysis plan will
be made available on the Wellington ICU website (www.
wellingtonicu.com) before unblinding the treatment codes
when undertaking the final analysis.

Safety

Ethics approvals

The trial was approved by the Northern B Health and
Disability Ethics Committee in New Zealand (15/NTB/52), the
Austin Health Human Research Ethics Committee (HREC/15/
Austin/144) in Australia, the Research Ethics Board at the
University of Alberta, Edmonton, Canada (Pro00074103),
the St Vincent's Healthcare Group Ethics and Medical
Research Committee in Ireland, and the London-Bromley
Research Ethics Committee (17/LO/1313). Additional local

hospital approvals were also obtained as required. In all
jurisdictions, ethics approval was granted on the basis of
either provision of information with the opportunity to opt
out of use of study data or a waiver of consent.

Data monitoring committee

A committee of independent experts in clinical trials,
biostatistics and intensive care medicine has been appointed
to the Data Monitoring Committee (DMC). The members of
the DMC are Brian Cuthbertson (Chair), Anthony Gordon
and Graeme Maclennan. The DMC will monitor adverse
events as they accrue. No formal interim analyses of the
primary outcome have been planned. Given that PPIs and
H,RBs are in widespread use in current practice and their
safety profiles are well known, we do not anticipate the
trial being stopped for harm. However, the DMC may, at
its absolute discretion, request assessment of available trial
data at any time.

Adverse events

Study investigators will be actively encouraged to report
all adverse reactions to PPls and H,RBs that occur during
the study. Adverse event reporting will be in line with usual
methods for reporting of suspected adverse reactions to
licensed medicines. In New Zealand, suspected adverse
reactions will be reported to the Centre for Adverse Reaction
Monitoring.22 In Australia, adverse reactions will be reported
using the Australian Adverse Drug Reaction Reporting
System.23 In Canada, data on suspected adverse events
will be captured by the Reporting and Learning System for
patient safety in Alberta and to Health Canada through the
Canadian Vigilance Adverse Reaction reporting. In Ireland,
suspected adverse reactions will be reported to the Health
Products Regulatory Authority. In the UK, suspected adverse
reactions will be reported to the Medicines and Healthcare
Products Regulatory Agency via their yellow card scheme.
Details of all reported adverse reactions will be provided to
the DMC and will be reported to relevant ethics committees
when required.

Confidentiality

The primary data repository for this Australian and New
Zealand study is the ANZICS APD, which is an established
database including patients admitted to ICUs in Australia
and New Zealand.'® Approval to access the database for the
purpose of retrieving data on patients participating in the
PEPTIC study has been granted by the ANZICS Centre for
Outcome and Resource Evaluation Management Committee
in accordance with standing protocols. The ANZICS APD
identifies each patient by a unique number. Linkage
between each number in the database and a particular
patient is maintained by each participating hospital (ie,
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data are classified as partially de-identified). Data exported
from the ANZICS APD for study analyses will not include
any identifiers (ie, the data included in the PEPTIC study
database will be fully de-identified). The study data for
patients recruited from sites in Ireland will be collected from
an ICU Clinical Information System at an individual patient
level and incorporated into the main study database at the
end of the study.

The primary data repository for the Canadian sites is
eCritical Alberta, a provincial clinical information system
and established data warehouse and clinical analytics
system routinely used for health services research, along
with Alberta Health Services administrative databases.
Approval to access eCritical Alberta was granted through a
provincial executive governance committee, for the purpose
of retrieving data on eligible patients admitted to study ICUs
during PEPTIC. eCritical will identify each patient though a
unique provincial health care number. This unique identifier
will be used for linkage of eCritical with Alberta Health
Services Discharge Abstract Data and Infection Control
and Prevention databases, respectively. Data exported to
generate the merged international PEPTIC study database
will be de-identified.

Forthelrishsites, alog of patient details and corresponding
study number will be maintained at the site level. Linkage
between each number in the database and a particular
patient will be maintained by each participating hospital (ie,
data will be partially de-identified). Patients in the PEPTIC
database will be identified by study number only.

In the UK, the data repository for this study is the
ICNARC CMP, an established database of patients admitted
to ICUs. Approval to access the database for the purpose
of retrieving data on patients participating in the PEPTIC
study will be granted by the ICNARC Data Access Advisory
Group in accordance with standing protocols. Each patient
is identified by a unique number (site prefix and ICNARC
CMP admission number) maintained at each participating
hospital; linkage between each number and a particular
patient will be carried out by ICNARC who will link data
using the CMP admission number (ie, data are classified
as partially de-identified). Data exported for study analyses
will not include any identifiers (ie, the data included in the
PEPTIC study database will be fully de-identified). Once the
extracted data have been merged with the complications
database for each site, the fully de-identified dataset will
be transferred to the Medical Research Institute of New
Zealand. These data will be combined with the international
datasets for final analysis.

By participating in the trial, sites agreed to provide the
researchers with access to their respective registry data for
period of the study.

Summary

The PEPTIC study is a multicentre, randomised, open-label,
cluster crossover, registry-embedded trial. To our knowledge,
it is the first registry-embedded cluster crossover trial ever
undertaken and will provide important data regarding
the comparative effectiveness of two commonly used
approaches to stress ulcer prophylaxis in mechanically
ventilated adults in ICUs.
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